Purpose: To determine the long-term outcome of patients operated with pars plana vitrectomy (PPV) for primary rhegmatogenous retinal detachment (RRD) and to identify potential predictors for poor visual outcome. Methods: Prospective, observational 30-month study of patients operated for primary RRD with PPV. Examinations were performed preoperatively and after months 2, 6, and 30. Results: Eightyfour patients (84 eyes) were included and 73 (86.9%) participated at month 30. The macula was attached in 30 (35.7%) patients at primary operation. The majority of patients (n = 59, 80.8%) achieved a good final best corrected visual acuity (BCVA ≤0.3 logMAR, ≥0.5 Snellen) with a better outcome in patients with the macula attached than detached (0.02 vs. 0.17 logMAR, p = 0.007). Variables associated with poor visual outcome were baseline BCVA > 0.3 logMAR (p = 0.03), female gender (p = 0.02), silicone oil (p = 0.03), and larger areas of retinal detachment (p = 0.01). In multivariable regression analysis, female gender (OR = 8.5 [95% CI 1.8-39.8]) was the strongest risk factor for poor visual outcome. Conclusion: The majority of patients operated for primary RRD achieved a reasonable long-term visual outcome. Notably, female gender was associated with poor visual outcome, indicating a need for closer follow-up.
Introduction
Rhegmatogenous retinal detachment (RRD) is an acute sight-threatening condition with an annual incidence of 20.7 (95% CI 19.1-22.4) per 100,000 inhabitants above 15 years [1] . A recent Danish study demonstrated increasing RRD over the last decade, possibly due to a higher frequency of cataract surgeries, an aging population, and myopia [2] [3] [4] [5] .
The only treatment for RRD is surgical repair in order to restore the contact between the neuroretina and the retinal pigment epithelium. Surgical techniques have improved remarkably over the last decades with a final anatomical success rate of around 80% in the 1980s [6] to DOI: 10.1159/000499130 nearly 100% in the last decade [7] . The two most common surgical techniques for RRD are internal surgery with pars plana vitrectomy (PPV) and external surgery with scleral buckling. Both types of surgical techniques have been successful, but PPV has been increasingly popular worldwide [8] [9] [10] [11] , especially in pseudophakic patients [10, 12, 13] . Since the introduction of PPV by Machemer et al. [14] in 1972, the technology has improved remarkably, and 25-G PPV systems are some of the newest developments.
Silicone oil (SO) and gas are used as tamponades in PPV. In recent years, the use of gas has increased [1] after several studies [15] [16] [17] have demonstrated visual impairment in eyes treated with SO. Other factors such as macular involvement [12] , preoperative proliferative vitreoretinopathy (PVR) [18] , extension of the RRD [18] , time of macular detachment [19] , and the age of the patient [12] have also been associated with poorer functional outcome.
Several studies have evaluated short-term functional and anatomical outcome of primary RRD [12, 19, 20] . However, long-term studies are lacking. In this clinical study, we prospectively evaluated (1) the anatomical and functional outcome at 30 months after the primary operation and (2) potential predictors for poor visual outcome.
Methods

Study Design and Patient Population
This was a prospective, observational, long-term study of patients operated for primary RRD at the Department of Ophthalmology, Odense University Hospital (OUH), Denmark, during January 1, 2013 and July 12, 2013. Patients younger than 15 years with RRD were referred to other Danish hospitals according to national recommendations. Patients were referred from the Region of Southern Denmark that includes 1.2 million of the total Danish population of approximately 5.7 million (Statistics Denmark 2016) [21] .
The study was conducted in accordance with the criteria of the Helsinki II Declaration and in accordance with good epidemiological and clinical practice. The patients gave their written informed consent before their participation. The study was approved by the Research Ethics Committee of the Region of Southern Denmark and by the Danish Data Protection Agency.
Baseline Examinations
Baseline examination was performed on admission by the attending ophthalmologist at the Department of Ophthalmology, OUH. Patients underwent standard eye examination, including best corrected visual acuity (BCVA) measured by the standard Snellen chart at 6 m with subjective refraction, intraocular pressure (IOP) (Goldmann applanation tonometry), and slit-lamp biomicroscopy using the 90-dpt lens and 3-mirror lens. Additional examinations performed by the study investigator (C.D.P.) were autorefraction (Canon RK-2, Auto ref-keratometer, Amstelveen, The Netherlands), spectral domain optical coherence tomography (SD-OCT) (3D OCT-2000, Topcon, Tokyo, Japan), and ultrawidefield (UWF) imaging (Optos plc, Dunfermline, Scotland, UK). Examinations and imaging were performed after mydriatic eye drops had been given (tropicamide 1% and epinephrine 10% in each eye). Radial SD-OCT scans were used to confirm whether the macula was attached or detached at baseline. Surgical descriptions were used when the macula could not be detected by SD-OCT and in cases where SD-OCT could not be captured. UWF images were graded by the same trained grader (C.D.P.), following a standardized protocol. The presence of PVR was graded with the use of the classification system defined by Machemer et al. [22] : grade A (vitreous haze, pigment, vitreous cells, and clumps), grade B (wrinkling of inner retinal surface, vessel tortuosity, rolled, irregular edge of tear), or grade C (full thickness retinal starfold). The extension of RRD was determined by the involved retinal quadrants on UWF imaging.
Presumed duration of macular detachment (partial/total) was defined as the time from significant loss of vision (defined by the patient) to primary RRD surgery. All examinations were performed as close to primary operation as possible.
Pre-and Peroperative Information
Patients were allocated for operation as soon as possible and with respect to established local guidelines. Patients with an attached macula were admitted to bed rest with allowance to restroom visits and to sit while eating. If patients were admitted during weekends or holidays, they were operated on the first coming weekday. Patients with the macula detached were sent home with information of minimal physical exertion until the time of operation within a week but preferably as soon as possible.
Patients were operated with PPV using a standard 25-G 3-port system (Constellation, Alcon, Fort Worth, TX, USA). The tamponade used was SO (1,000 centistoke) or gas (sulfur hexafluoride). Gas was the preference but SO was in general used in cases with inferior holes or tears or in severe or complicated cases. The vitreoretinal team of surgeons consisted of 1 experienced and 4 highly experienced retinal surgeons.
Peroperative data were collected using the surgical descriptions and the registered diagnosis-related grouping charge codes for surgical procedures.
Follow-Up Examinations
Follow-up examinations were all performed by the same investigator (C.D.P.) at months 2, 6, and 30. Examinations included a complete ophthalmologic examination with autorefraction, BCVA as measured by the Early Treatment Diabetic Retinopathy Study (ETDRS) scale, IOP, slit-lamp biomicroscopy with a 90-dpt lens, Pelli-Robson contrast sensitivity test (PR-CS) (Clement Clark International Ltd., Harlow Essex, UK), SD-OCT, and UWF imaging. The PR-CS was performed in the same room at a distance of 1 m with standardized light (60-120 cd/m 2 or 280 lx). Distance correction was used, if necessary, with an addition of +0.75 dpt at 1.0 m. The logarithmic contrast sensitivity value of the last line of which at least 2 of 3 letters were correctly seen was marked as the result. cess was defined as a fully attached retina at month 30 in an eye without SO tamponade.
In addition to the study examinations, patients were examined and treated as needed at the department or at private eye clinics.
Data and Statistical Analyses
Snellen and ETDRS values were converted to logMAR for statistical analysis using the base of the reciprocal of the Snellen fraction and a 0.02 logMAR unit for each letter correctly read on the ETDRS chart [23] . We allocated the following logMAR values: counting fingers (logMAR = 2.5), hand movements (logMAR = 2.7), and light perception (logMAR = 3.0). We defined good BCVA as ≤0.3 logMAR (≥0.5 Snellen) and poor BCVA as > 0.3 logMAR (< 0.5 Snellen).
We defined incomplete data as patients with no follow-up examinations. Patients were stratified by macular status (attached vs. detached) at baseline. Parametric data were expressed as mean (with SD) and nonparametric as median (with range). Differences in categorical data (sex, affected eye, age group, myopia, BCVA [good/poor], lens status, tamponade, peeling, previous surgery, vitreous hemorrhage, location of RRD, PVR grade, macular status, duration of macular detachment) were analyzed using the χ 2 test or Fisher's exact test for small samples. Differences in continuous data were analyzed using the Student t test for normal distributed data (age, IOP, clock hours of detachment, BCVA, duration of operation) assuming equal variances in the groups. The Mann-Whitney U test was used for continuous data that were not normally distributed (number of holes and tears). The Kruskal-Wallis test was used for a three-way comparison of visual outcome. Univariate logistic regression analyses were performed to identify possible predictors for final BCVA > 0.3 logMAR units. Due to the relatively small sample size, multiple logistic regression analysis only included age and variables statistically significantly associated with poor visual outcome in the univariate analysis. p values < 0.05 were considered as statistically significant.
All statistics were calculated in STATA 13.0 (StataCorp, College Station, TX, USA).
Results
Inclusions and Exclusions
A total of 110 patients were examined for inclusion ( Fig. 1 ). We excluded nonsurgically treated patients (for social or medical reasons, n = 3), patients who were operated but declined to attend the study visits (n = 7), patients with pre-existing retinal or macular pathology causing significantly reduced vision (≤0.5 Snellen, n = 9), patients with previous eye trauma (n = 2), and patients with no follow-up (n = 5).
Baseline characteristics were compared for patients included and excluded as well as for those attending the month 30 examination versus those who dropped out during follow-up (Table 1) . Excluded patients and patients who did not attend at the final follow-up were more likely to have a detached macula at the time of the operation. In addition, nonattendees at month 30 were older and more likely to be pseudophakic as compared to attendees (Table 1) . 
Baseline Characteristics
We included 84 patients (84 eyes) for this study. The macula was attached in 30 (35.7%) patients and detached in 54 (64.3%) patients ( Table 2 ). The mean age of included patients was 63.3 (SD 9.9) years and did not differ (p = 0.19) between men (62.3 ± 9.9 years) and women (65.3 ± 9.7 years). Baseline BCVA > 0.3 logMAR was seen in 65.5% (n = 36) of men versus 55.2% (n = 16) of women, (p = 0.36). Table  2 presents the baseline demographics and anatomical characteristics for included patients, and the univariate analysis for the differences between patients with the macula attached and detached. Patients in the former group were more likely to be excessively myopic, have good baseline BCVA, and to have been operated with a gas tamponade.
Anatomical Characteristics of RRD
The surgical description of the macular status was used in 3 cases where the macula could not be detected by SD-OCT (1 patient with vitreous hemorrhage and 2 patients with bullous RRD) and in 2 cases where SD-OCT could not be captured. The median duration of macular detachment to primary RRD operation was 4 days with a range from 1 to 32 days. Univariate analysis showed that more patients with an attached macula had vitreous hemorrhages or opacities at baseline (p = 0.003). On the other hand, patients with a detached macula had larger areas of retinal detachment as well as more grade B or C PVR (p < 0.001 and p = 0.001, respectively) ( Table 2) .
A total of 60 (71.4%) patients had detectable retinal breaks at baseline. In 24 (28.6%) patients, the break could not be identified by UWF imaging or by slit-lamp biomicroscopy with a 90-dpt and 3-mirror lens.
Surgical Procedures
All primary operations were performed with minimal invasive 3-port 25-G PPV and the use of either gas (61.9%, n = 52) or SO (38.1%, n = 32). More patients with PVR grade B or C were treated with SO (n = 25, 43.1%), as compared to those with grade A or no PVR (n = 7, 26.9%) (p = 0.16).
Primary RRD surgery with PPV and SO took longer to perform (108.1 min, SD 28.7 min) as compared to PPV with gas (79.7 min, SD 22.7 min, p < 0.001). Median time from the primary operation to SO removal was 64 days ranging from 12 to 137 days. One patient had SO in situ at month 30.
Peeling of internal limiting membrane (ILM) was performed in 92.9% (n = 78) of primary operated eye, regardless of macular status ( Table 2) . Two of the 6 non-ILMpeeled eyes developed epiretinal membrane (ERM) and underwent postoperative PPV with ILM peeling.
One phakic patient had combined RRD and cataract surgery. At month 30 (n = 73), nearly all patients who were phakic at baseline had undergone cataract surgery (42 of 43 patients, 98.6%), and most of these (90.5%, 38 of 42) were operated within 6 months from the primary RRD operation.
Functional Outcome
A total of 80.8% (n = 59) patients achieved a final BCVA ≤0.3 logMAR, and 38.3% (n = 28) of these improved from baseline VA > 0.3 logMAR. This was a statistically significant improvement (p < 0.001). The development of BCVA in relation to macular status at the time of operation is presented in Figure 2 . We found a statistically significant difference in the final median BCVA at The final median VA at month 30 was 0.02 logMAR (-0.2 to 1.66) in patients with the macula attached, 0.14 logMAR (-0.10 to 0.66) in RRD with the macula detached for ≤8 days (n = 27) and 0.18 logMAR (-0.06 to 0.60) in patients with the macula detached for > 8 days (n = 17) (p = 0.02, Kruskal-Wallis test).
Complications and Anatomical Outcome
In all, 7.1% patients (6 of 84 patients) were re-operated due to re-detachment during the 30 months of follow-up. Five of these had PVR grade C at the time of the operation. Mean age of these patients was 64.4 (SD 9.8) years, and 33.3% were males. One patient had good final BCVA (0.32 logMAR) and 5 poor BCVA (0.40; 0.66; 1.18; 1.66 logMAR) at month 30. Due to PVR and localized re-de- tachment in the inferior retina, 1 patient had SO in the eye at the final follow-up. The remaining re-detachments were successful reattached after 1 (4 of 6, 0.67%) and 2 re-operations (1 of 6, 0.17%), respectively. All re-detachments occurred no later than 3 months after the primary operation. The final anatomical success for month 30 participants was 98.6% (72 of 73 patients).
High IOP (> 22 mm Hg) occurred within 2 months of follow-up in 46.4% (n = 14 of 29) of patients treated with SO versus 13.3% (5 of 44) of patients treated with gas (p = 0.002). Of these, 73.7% (gas, n = 5 vs. SO, n = 9, p = 0.04) had IOP-reducing treatment at month 2. At month 30, all patients (n = 73) had normalized IOP, with a mean pressure of 14.6 mm Hg (SD ±2.6). However, 11.0% (gas, n = 6 vs. SO, n = 2; p = 0.01) of patients needed pressure-reducing treatment to achieve this.
Possible Predictors for Poor Visual Outcome
We performed univariate logistic regression analysis of possible predictors for poor visual outcome at month 30. The factors significantly associated with a poor final BCVA (> 0.3 logMAR at month 30) were poor baseline BCVA, female gender, retinal detachment > 6 clock hours, and SO used as tamponade (Table 3) .
In the multiple logistic regression analysis, female gender and poor baseline BCVA (> 0. (Table 3) . When comparing baseline data for men (n = 36) and women (n = 16) at month 30, we found no differences regarding age (60.8 ± 9.2 vs. 64.0 ± 9.5 years, p = 0.15), macula detachment (59.6 vs. 61.5%, p = 0.87), excessive myopia (31.9 vs. 23.1%, p = 0.42), PVR grade B/C (74.5 vs. 57.7%, p = 0.14), and baseline BCVA > 0.3 log-MAR (54.4 vs. 59.2%, p = 0.68). However, there was a tendency towards more reoperations in women compared to men (19.2 vs. 6.4%, p = 0.09).
Discussion
The present study reports the long-term outcomes of 25-G PPV in patients with primary RRD. We demonstrated a high rate of good anatomical outcome, even in patients with preoperative PVR grade B/C and a large area of detachment. Likewise, most patients also showed good functional outcome (≤0.3 logMAR) regardless of lens and macular status prior to the operation. Factors associated with poor visual outcome were decreased baseline BCVA, female gender, the use of SO tamponade, and more than 6 clock hours of retinal detachment. Surprisingly, female gender was the strongest predictor for poor visual outcome.
Patients were operated with PPV with either SO or gas regardless of lens status or RRD severity. This approach is debatable since more studies [24] , including the prospective, randomized multicenter SPR study by Heimann et al. [8] , have recommended the scleral buckling procedure for phakic patients and uncomplicated RRD, due to better postoperative visual outcome.
Our study showed no difference in median visual outcome at month 30 between phakic and pseudophakic patients. Even though there was a difference according to macular attachment or detachment, the median visual outcome was good in both groups. The final visual outcome for phakic or pseudophakic patients and patients with either the macula attached or detached was either comparable or slightly better, as compared to results in previous studies [8, 10, 12, 19] . However, the follow-up period in these studies varied between 3 and 12 months compared to 30 months in the present study. Furthermore, comparisons of results with other studies are difficult because of the differences in the study designs, patients and surgical procedures for RRD [19] .
Predictors for poor visual outcome have previously included age [12] , area of retinal detachment [12, 25] , preoperative BCVA [26] , preoperative PVR [12, 25] , previous ocular surgery [12] , and macular status [12, 25] . In agreement with previous results, multiple logistic regression showed that poor baseline BCVA was an independent predictor for poor visual outcome. Surprisingly, fe- male gender was the strongest risk factor with a risk of 8.5 times as compared to male. Female gender has previously been associated with worse anatomical outcome [27] but as far as we are aware, not with poor functional outcome. We found a tendency towards a higher reoperation rate in women. This may explain the worse outcome in women, but future studies on the current topic are recommended.
In univariate analysis, SO and detachment for > 6 clock hours were all associated with poor visual outcomes, but in the multiple logistic regression model these associations disappeared. On this issue, our long-term results differ from shorter-term studies that have consistently demonstrated associations between SO tamponade and postoperative vision loss [15, 16, 28] .
We found a high final anatomical success rate. This was in accordance with previous studies evaluating the use of 25-G PPV [29, 30] . However, with regard to the used tamponade, we found a rather frequent use of SO as compared to other countries [10, 25] . SO has previously been shown as the primarily used tamponade for complicated RRD, especially in cases with inferior PVR [31, 32] . Our results support these findings, as eyes with more severe grades of PVR (B or C) were more frequently operated with PPV and the use of SO as compared to eyes with no PVR or grade A PVR. The presence of higher levels of PVR may also explain the frequent use of SO and the longer duration of operations with PPV and SO compared to PPV with gas.
A common complication to RRD with PPV is ERM. To prevent this, nearly all included eyes underwent primary PPV with peeling of ILM, regardless of macular status. None of the ILM-peeled eyes developed ERM during the 30 months of follow-up, whereas 2 of the 6 (33.3%) non-ILM-peeled eyes developed ERM. Due to the small sample size we are not able to report the longterm visual outcome in non-ILM-peeled eyes. However, ILM-peeled eyes have good final mean BCVA at month 30. These results are comparable to a recent retrospective study by Nam and Kim [33] , who found that none of the ILM-peeled eyes developed ERM and that ILMpeeled eyes with the macula attached had better visual outcome as compared to non-ILM-peeled eyes with the macula attached. They concluded that ILM peeling seemed to prevent the development of postoperative ERM in patients with primary RRD. Our study results support this statement.
At month 30, nearly all patients who were phakic at baseline had undergone cataract surgery, and most of these were operated within 6 months from primary RRD operation. This result was in alignment with findings by Nam and Kim [33] but higher than the results from the larger retrospective study by Heimann et al. [25] and the prospective study by Mitry et al. [19] . This variation in results may be influenced by differences in study designs and surgical procedures for RRD. Complications such as increased IOP within 2 months from primary operation were detected in nearly half of patients treated with SO tamponade. This frequency was higher than for those treated with PPV and gas tamponade. At month 30, IOP had normalized, although sometimes assisted by pressure-reducing treatment. Elevation of IOP is a known complication to PPV and especially with the use of SO tamponade [29, 32] With an attendance of 87% at month 30, this study is able to present important information of the long-term outcomes of 25-G PPV in both phakic and pseudophakic patients with RRD. However, it is also important to acknowledge limitations like the observational design and the relatively small sample size. Furthermore, a comparison of results with other studies was difficult because of differences in study designs, patients and surgical procedures for RRD.
In a long-term follow-up of patients with primary RRD, we found a good anatomical and functional outcome, regardless of lens status and macular status at the time of primary operation. A surprise of this study was the finding of female gender as a strong predictor for poor visual outcome.
Our results suggest that 25-G PPV can be used as first choice of treatment for primary RRD, and that women may benefit from closer follow-up.
